Purpose: "Combined COPD Assessment" in the classification of chronic obstructive pulmonary disease (COPD) was proposed as a new method by The Global Initiative for Chronic Obstructive Pulmonary Disease (GOLD). The aim of this study was to evaluate exercise capacity, and muscle strength (respiratory and peripheral muscle strength) between two groups (Group B and C) of the new GOLD combined COPD assessment in this study.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD), which is a widespread preventable and treatable illness, is one of the important reasons for morbidity and mortality (1) . The Global Initiative for Chöronic Obstructive Lung Disease (GOLD) offers a current method to categorize COPD patients that are named 'Combined COPD Assessment'. While conventional COPD categorization is primarily based on airflow obstruction, nowadays GOLD advises regarding exacerbation risk and the symptoms of degree illness level in groups A-D. COPD Assessment Test (CAT) or modified Medical Research Council (mMRC) dyspnea scale are used to assess the symptoms of the patients. Exacerbation risk is evaluated by the patient's spirometric classification and exacerbation history. For symptom assessment, the CAT is primarily recommended by GOLD because of a comprehensive measure of the symptoms. GOLD suggests the evaluation pointing the highest risk should be used for exacerbation risk assessment. Group B is defined high levels symptom and low risk as opposed to group C low levels symptom and high risk of GOLD. The two groups are the opposite of symptom and risk assessment (2) .
The 6-minute walking test (6MWT) recommended as the main outcome assessment by the American Thoracic Society (ATS). The 6MWT is an inexpensive and simple but beneficial method for assessing the functional exercise capacity (3). The severity of airflow limitation effects 6MWT distance. As the severity of the airflow limitation increases, the exercise capacity decreases (4) . Previously, the lower extremities exercises were often investigated. However, the upper limbs are used commonly to perform varied daily activities, so upper limb exercise is progressively identified as a significant part of pulmonary rehabilitation (5). Patients with COPD often complain of upper limb fatigue and dyspnea during upper extremity activity. Elevating the upper limbs above the shoulders increases lung hyperinflation and functional residual capacity (FRC), both of which conduce to upper extremity exercise intolerance (6).
The six-minute pegboard and ring test (6PBRT) is a reliable and valid method for the assessment of unsupported upper-extremity exercise in patients with COPD, and a positive significant correlation was found between 6PBRT score and airflow limitation degree (7).
An independent predictor of mortality in COPD patients is muscle mass (8) . Skeletal muscle strength decreases as the airflow limitation increases (9) . Respiratory muscle problems are determined in COPD patients (10) and the weakness of respiratory muscles might be related to many reasons such as deconditioning, malnutrition, electrolyte disturbances, cardiac failure, systemic inflammation, and treatment with corticosteroids (11).
Knee extensor strength relates to mobility and exercise capacity, but the weakness of quadriceps is common in COPD (12) . Hand grip strength is an easy method to predict the risk of cardiopulmonary disease and mortality (13) .
Although exercise capacity and muscle strength were studied between the subgroup of COPD classification of severity of airflow limitation, there was no study compared the exercise capacity and muscle strength between the COPD group B and C. Group B and C have different clinic feature (spirometry, symptoms, and exacerbation history). Knowing the physical characteristics of groups B and C are important for the treatment methods to be applied. Therefore, the objective of this study was to compare exercise capacity and muscle strength between COPD group B and C. It was hypothesized that exercise capacity and muscle strength would be similar between COPD group B and C.
METHODS
This study was designed as an observational study. Thirty-six patients with stable COPD (group B=18 and group C=18) participated in this study. The study was conducted between September 2013 and May 2014. The diagnosis of COPD made according to GOLD guidelines (medical history, current symptoms, and pulmonary function testing) by an experienced specialist. The inclusion criteria for COPD patients were those who were diagnosed with COPD (forced expiratory volume in one second (FEV 1 ) <80% of predicted). All patients were in stable clinical condition at the time of the study. Exclusion criteria were using oral corticosteroid for at least six weeks, acute exacerbation, having significant musculoskeletal or cardiovascular diseases and cognitive impairment. Ethics Committee of Dokuz Eylül University approved the study (1068-GOA). All patients signed a written informed consent form.
To assess pulmonary function test, spirometry (Sensor Medics Vmax 22 machine, SensorMedics Inc., Anaheim, CA, USA) was used according to ATS/ European Respiratory Society (ATS/ETS). Percentages of the predicted values of forced vital capacity (FVC), FEV 1 , FEV 1 /FVC, forced expiratory flow between 25% and 75% of FVC (FEF 25-75% ) and peak expiratory flow (PEF) were recorded (14) .
The COPD Assessment Test (CAT) is a well-known questionnaire. The CAT is suggested to assess symptoms in subjects with COPD. The CAT is a reliable method of the impact of COPD on a patient's health status. The test has eight items to assess symptoms. The score ranges from 0 to 40, and the high score shows symptoms are increased (15) .
Maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) values were performed to assess respiratory muscle strength (Sensor Medics Vmax 22 machine, SensorMedics Inc., Anaheim, CA, USA). The subjects performed three to five acceptable and reproducible maximal maneuvers (i.e., differences of 10% or less between values): The recorded value was the highest unless this was obtained from the last effort (16) . The MIP and MEP percentages were calculated as a percentage of their predicted values (17) .
Hand-grip and knee extensor strength were assessed using a hand-grip dynamometer (Jamar® dynamometer, Patterson Medical, Warrenville, Illinois, USA) and hand-held dynamometer (JTECH, Medical Commander Powertrack II, Salt Lake City, Utah, USA). Measurements were repeated three times from the dominant limbs, and average values were recorded. Handgrip and knee extensor strength percentages were calculated as a percentage of their predicted values (18, 19) .
The 6MWT was performed on a 30 m walking course and indoors according to ATS/ERS (3). Blood pressure (Erka Manual Sphygmomanometer, Bad Toelz, Germany), heart rate (Beurer pulse oximeter, Ulm, Germany), oxygen saturation (Beurer pulse oximeter, Ulm, Germany), dyspnea and fatigue (the modified Borg Scale) were recorded before and after the test. The 6MWT distance percentages were calculated as a percentage of their predicted values (20). The 6PBRT is a reliable method to assess unsupported upper extremity exercise capacity in COPD patient. The test performed by the method of described Zhan et al. (7) . Blood pressure (Erka Manual Sphygmomanometer, Bad Toelz, Germany), heart rate (Beurer pulse oximeter, Ulm, Germany), oxygen saturation (Beurer pulse oximeter, Ulm, Germany), dyspnea and fatigue (modified Borg Scale) were recorded before and after the test.
Statistical Analysis
The data were analyzed using the IBM® SPSS® There was no previous study, which compared the exercise capacity and muscle strength between the COPD group B and C. However, a previous study has revealed that 6MWT distance was significantly different in COPD spirometric subgroups (p<0.05) (21) . Based on the results of that study, the minimum required sample size for each group for a comparison analysis was calculated as 17 patients for the probability level as 0.05 and the statistical power level as 80% using G*Power Software (ver. 3.1.9.2 Universität Düsseldorf, Düsseldorf, Germany). "Means: Difference between two independent means (two groups)" test was used to determine the minimum number of participant required for each of two independent groups.
RESULTS
Two patients were GOLD I, 16 patients were GOLD II, 15 patients were GOLD III, and three patients were GOLD IV. The participants' demographic characteristics (age, gender, body mass index), duration of illness, and smoking history of patients were similar between group B and C (p>0.05, Table 1 ). Symptoms levels were significantly higher in group B than group C (p<0.001, Table 1 ). Spirometric values were lower in group C than group B (p<0.001, Table 1 ).
The 6MWT distance, the percentage of 6MWT distance, and 6PBRT score (also difference between final and initial values of heart rate, oxygen saturation, dyspnea, and fatigue) were similar between the groups (p>0.05, Table 2 ).
Only MEP and percentage of MEP values of group C were significantly lower than group B (p<0.05, Table 3 ). Other muscle strength values (MIP, the percentage of MIP values and peripheral muscle Chronic ? strength) were similar between group B and C (p>0.05) ( Table 3) .
DISCUSSION
This study was the first study, which compares exercise capacity and muscle strength between group B and C of GOLD combined COPD assessment. Except for the expiratory muscle strength, other values (exercise capacity, inspiratory and peripheral muscle strength) were similar between groups. These findings show that comprehensive assessment is critical to evaluate patients with COPD. Not only the GOLD spirometry measures were enough, but also symptoms and exacerbation history must be evaluated.
The 6MWT is commonly used to assess functional exercise capacity in COPD patients (3). The studies showed that 6MWT distance decrease with airflow limitation and spirometric disease severity (4, 21, 22) . Additionally, it was demonstrated that FEV 1 was correlated with the dyspnea and desaturation during the 6MWT (23). Although airflow limitation is an important factor to effect 6MWT performance; muscle strength, pulmonary function, symptoms, functional residual capacity, age, and body weight could be listed as factors affecting 6MWT in COPD (24) . Similarly, we found that there was no difference in 6MWT distance and difference (final-initial) values between the two groups. Although GOLD spirometric stages were different between group B and C, 6MWT values were similar. These findings support that airflow limitation itself was not enough to determine 6MWT values because several factors such as symptoms might affect the 6MWT.
The 6PBRT is a reliable method to assess unsupported upper extremity exercise capacity in COPD patients (7) . During the unsupported upper extremity elevation, respiratory work increase and dyspnea and fatigue occur (25) . Previously, most of the studies focused on the lower extremity exercise capacity therefore, studies on upper extremity exercise capacity were limited (26) . These studies showed that the relationship between airflow limitation and upper extremity capacity were contradictory (5,7). We found that 6PBRT values were similar between the groups. Although symptoms such as dyspnea are showed to be the major factor to limit unsupported upper extremity exercise capacity, the present study showed that symptoms are not enough to explain upper extremity exercise intolerance.
Skeletal muscle impairment is one of the most important factors of the systemic effects of COPD (27) . Muscle mass is an independent determinant of life expectancy in COPD patients (8) . Structural changes (atrophy, reduction in oxidative activity, and mitochondrial impairment) cause the development of skeletal muscle dysfunction in people with COPD (28) . Studies showed that muscle strength in GOLD spirometry stage from I to IV was decreased (9, 29) . Contrary to this information in the literature, the study found that skeletal muscle strength was similar between groups GOLD I-II and GOLD III-IV except expiratory muscle strength. Airflow limitation is an essential factor to muscle atrophy, but exacerbation history, malnutrition, systemic inflammation, and physical inactivity are cause muscle dysfunction (30) . One study showed that recurrent exacerbations are associated with lower health status and respiratory weakness (29) . The maximal expiratory pressure of group B was significantly higher than group C in our study. This may be caused by the fact that the number of exacerbations in group B was greater than in group C. However, no study comparing muscle strength between groups B and C of COPD have been conducted so far. The further study on this issue is needed.
This study has several limitations. Although there were more participants than the minimum required sample size, the study included men predominantly. Generalizations of these results to women with COPD might not possible. Another limitation of this study was lack of group A and D. There is a need for further study with increased sample size, including COPD A and D groups. In addition, further study examining the response of all groups to pulmonary rehabilitation will provide guidance.
In conclusion, all values were similar in both group B and C patients except the MEP value. This study was the first study comparing exercise capacity and muscle strength between COPD group B and C. This study showed that comprehensive assessment is very important to manage patients with COPD. GOLD spirometry measures are not enough and symptoms and exacerbation history must be evaluated. As COPD progression is heterogeneous, multi-factorial assessments provide different points-of-view in the disease's management.
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